Introduction {#sec1}
============

Oral cancers are malignant neoplasms that affect the structures or tissues of the mouth. They may be a primary lesion that originates in the mouth, a metastasis from a distant site, or an extension from an adjoining site. Of these oral cancers, more than 90% are squamous cell carcinomas arising in the mucous membranes of the mouth and oropharynx \[[@cit0001]\].

It is an important global health concern accounting for an estimated 275,000 cases and 128,000 deaths annually \[[@cit0001]\]. Its incidence varies markedly by geographic region, and more than half of all cancer cases occur in developing countries \[[@cit0002]\]. India has one of the highest incidences of oral cancer and accounts for about 30% of all new cases annually \[[@cit0003]\]. A recent survey of cancer mortality in India shows cancer of the oral cavity as the leading cause of mortality in men, and it is responsible for 22.9% of cancer-related deaths \[[@cit0004]\].

India is a high-risk region for oral and oro-pharyngeal cancer due to a high prevalence of tobacco use, particularly chewing (in both sexes), smoking, and alcohol drinking in the male population \[[@cit0005]\]. Apart from tobacco and alcohol, dietary factors, human papilloma virus (HPV) infection, genetic factors, and oral hygiene are reported as risk factors as well \[[@cit0004]\]. Social inequalities are related to oral cavity cancers, a risk linked to factors directly affecting behaviour and lifestyle. The aim of this study was to describe the prevalence of oral squamous cell carcinoma (OSCC) at our institute situated in the rural area, Loni, Maharashtra over a period of 10 years.

Material and methods {#sec2}
====================

The archive of the Department of Oral and Maxillofacial surgery of Pravara Institute of Medical Sciences, Loni, Maharashtra was reviewed from Jan 2003 to Dec 2013. Total of 1020 patients with biopsy-proven squamous cell carcinoma of the oral cavity and oropharynx were selected in this study. Patients with salivary gland tumours and those not willing to undergo biopsy were excluded from this study.

Cases were divided into 11 different anatomical sites of oral cavity, i.e. buccal mucosa, buccal mucosa with skin, tongue, floor of mouth, mandibular alveolus, retromolar trigone, gingivo-buccal sulcus, maxillary alveolus, palate, upper/lower lip, and peritonsilar region. The prevalence of OSCC was calculated in the above-mentioned anatomical sites along with the variation of occurrence of cancer in these sites as per different age groups, ranging from \< 20 years of age to \> 50 years of age and gender was evaluated. This study followed the Declaration of Helsinki on medical protocol and ethics, and the regional Ethical Review Board of Rural Dental College, PIMS, Loni, approved the study.

Results {#sec3}
=======

The highest peak of prevalence of OSCC (39.50%) in our study was observed in the age group of above 50 years ([Table 1](#t0001){ref-type="table"}). In our study, comparing among all the anatomical sites of the oral cavity, buccal mucosa was found to be the most commonly affected (31.4%) ([Table 2](#t0002){ref-type="table"}). Out of a total of 321 cases of carcinoma of buccal mucosa, 191 (59.5%) were males and 130 (40.4%) were females. The most predominant age group that was seen to be affected by buccal mucosa cancer were those \> 50 years of age ([Table 3](#t0003){ref-type="table"}). The second most common site observed in our study for oral cavity cancer was the mandibular alveolus (21.5%). Out of a total of 220 patients of carcinoma of mandibular alveolus, 138 (62.8%) were males and 82 (37.2%) were females; patients more than 50 years of age were the most frequently affected ([Table 4](#t0004){ref-type="table"}). The third most commonly affected anatomical site involved by cancer was observed to be the tongue (19.21%). Out of a total of 196 patients, 155 (79%) were found to be males and 41 (20.9%) were females. Patients in the age group 21--30 years were the population most frequently affected by tongue cancers, unlike the above two sites ([Table 5](#t0005){ref-type="table"}). Carcinoma of the buccal vestibule was the fourth most common site observed in our study (8.82%). Out of a total of 90 cases of buccal vestibule carcinoma, 54 (60%) were males and 36 (40%) were females, and the most affected age group was patients above 50 years of age ([Table 6](#t0006){ref-type="table"}). 5.29% cases of palatal carcinomas were registered in our study and calculated to be the fifth most commonly encountered carcinomas. Out of a total of 54 cases of palatal carcinomas, 33 (61.1%) were seen in males and 21 (38.8%) in females. The population in the age group of more than 50 years were observed to be most commonly affected ones ([Table 7](#t0007){ref-type="table"}). The sixth most common site involved by cancer was maxillary alveolus, seen in 45 cases of oral cancer, among which the predominance was observed in 27 (60%) females, and the remaining 18 (40%) cases were found in males. The most commonly encountered population regarding this site were the patients of age group more than 50 years ([Table 8](#t0008){ref-type="table"}). Carcinoma of the retromolar trigone was the seventh most commonly encountered anatomical site in this study, in which out of a total of 28 patients, 22 (78.5%) were males and 6 (21.4%) were females, and patients in the age group of 31--40 years were most commonly affected ([Table 9](#t0009){ref-type="table"}). Twenty-four patients of oral carcinoma were affected by cancer of the lips (most frequently the lower lip), among which 18 (75%) were seen in males and 6 (25%) were found in females. The age group 41--50 years was the most common age group affected by carcinoma of the lips in our study ([Table 10](#t0010){ref-type="table"}). Twenty-four patients (2.35%) of oral carcinoma were found to have involvement of the floor of the mouth, with all of them (100%) male, and most commonly from the population more than 50 years of age ([Table 11](#t0011){ref-type="table"}). In total nine (0.8%) cases were seen with the involvement of skin along with buccal mucosa, among which six (66.6%) were males and three (33.3%) were females, and the population under the age group of more than 50 years were the most commonly encountered group ([Table 12](#t0012){ref-type="table"}). Carcinoma of the peritonsillar region was seen to be involved in 0.8% of the total cases of oral cancer. In total six (66.6%) males and three (33.3%) females were found to be affected by peritonsillar cancer, and all of the cases nine (100%) were seen in patients more than 50 years of age ([Table 13](#t0013){ref-type="table"}).

###### 

Prevalence of oral cancer in different age groups

  Age of patient (years)   Number of patients (*n* = 1020)   \% of patients
  ------------------------ --------------------------------- ----------------
  \< 20                    2                                 0.19
  20--30                   114                               11.17
  31--40                   129                               24.41
  41--50                   252                               24.70
  \> 50                    403                               39.50

###### 

Prevalence of oral squamous cell carcinoma in various sites of oral cavity

  Different sites of oral cavity   Number of patients (*n* = 1020)   \% of patients
  -------------------------------- --------------------------------- ----------------
  Buccal mucosa                    321                               31.47
  Mandibular alveolus              220                               21.50
  Tongue                           196                               19.21
  Buccal vestibule                 90                                8.82
  Palate                           54                                5.29
  Maxillary alveolus               45                                4.41
  Retromolar region                28                                2.74
  Lip                              24                                2.35
  Floor of mouth                   24                                2.35
  Buccal mucosa with skin          9                                 0.80
  Peritonsillar region             9                                 0.80

###### 

Variation in distribution of buccal mucosa carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  \< 20         2 (0.6)         --                2 (0.6)
  20--30        30 (9.3)        21 (6.5)          51 (15.8)
  31--40        45 (14.0)       33 (10.2)         78 (24.3)
  41--50        52 (16.2)       27 (8.4)          79 (24.6)
  \> 50         62 (19.3)       49 (15.2)         111 (34.6)
  Total         191 (56.5)      130 (40.4)        321 (100)

###### 

Variation in distribution of mandibular alveolus carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        13 (5.9)        11 (5.0)          24 (10.9)
  31--40        35 (15.9)       25 (11.3)         60 (27.2)
  41--50        28 (12.7)       19 (8.6)          47 (21.3)
  \> 50         62 (28.2)       27 (12.2)         99 (45.0)
  Total         138 (62.8)      82 (37.2)         220 (100)

###### 

Variation in distribution of tongue carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        13 (6.6)        8 (4.0)           21 (10.7)
  31--40        53 (27.0)       12 (6.1)          65 (33.2)
  41--50        38 (19.3)       11 (5.6)          49 (25.0)
  \> 50         51 (26.0)       10 (5.1)          61 (31.1)
  Total         155 (79.0)      41 (20.9)         196 (100)

###### 

Variation in distribution of Buccal vestibule carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        6 (6.6)         5 (5.5)           11 (12.2)
  31--40        8 (8.8)         5 (5.5)           13 (14.4)
  41--50        16 (17.7)       11 (12.2)         27 (30.0)
  \> 50         24 (26.6)       15 (16.6)         39 (43.3)
  Total         54 (60.0)       36 (40.0)         90 (100.0)

###### 

Variation in distribution of palatal carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        --              --                21 (10.7)
  31--40        8 (14.8)        4 (7.4)           12 (22.2)
  41--50        7 (12.9)        5 (9.2)           12 (22.2)
  \> 50         18 (33.3)       12 (22.2)         30 (55.5)
  Total         33 (61.1)       21 (38.8)         54 (100)

###### 

Variation in distribution of maxillary alveolus carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        4 (8.8)         2 (4.4)           6 (13.3)
  31--40        2 (4.4)         1 (2.2)           3 (6.6)
  41--50        4 (8.8)         2 (4.4)           6 (13.3)
  \> 50         20 (44.4)       10 (22.2)         30 (66.6)
  Total         27 (60.0)       18 (40.0)         45 (100)

###### 

Variation in distribution of retromolar region carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        --              --                --
  31--40        7 (25.0)        2 (7.1)           9 (32.1)
  41--50        10 (35.7)       1 (3.5)           11 (39.2)
  \> 50         5 (17.8)        3 (10.7)          8 (28.5)
  Total         22 (78.5)       6 (21.4)          28 (100)

###### 

Variation in distribution of lip carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        1 (4.1)         --                1 (4.1)
  31--40        7 (29.1)        2 (8.3)           9 (37.5)
  41--50        5 (20.8)        3 (12.5)          8 (33.23)
  \> 50         5 (20.8)        1 (4.1)           6 (25.0)
  Total         18 (75.0)       6 (25.0)          24 (100)

###### 

Variation in distribution of floor of mouth carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        --              --                --
  31--40        --              --                --
  41--50        9 (37.5)        --                9 (37.5)
  \> 50         15 (62.5)       --                15 (62.5)
  Total         24 (100)        --                24 (100)

###### 

Variation in distribution of buccal mucosa carcinoma with skin involvement according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        --              --                --
  31--40        --              --                --
  41--50        3 (33.3)        1 (11.1)          4 (44.4)
  \> 50         3 (33.3)        2 (22.2)          5 (55.5)
  Total         6 (66.6)        3 (33.3)          9 (100)

###### 

Variation in distribution of peritonsillar region carcinoma according to age group and gender

  Age (years)   Males *n* (%)   Females *n* (%)   Total *n* (%)
  ------------- --------------- ----------------- ---------------
  20--30        --              --                --
  31--40        --              --                --
  41--50        --              --                --
  \> 50         6 (66.6)        3 (33.3)          9 (100)
  Total         6 (66.6)        3 (33.3)          9 (100)

Discussion {#sec4}
==========

The aim of this study was to represent the prevalence of oral squamous cell carcinoma among in-patients for a period of 10 years (2003--2013) at our institute in a rural city and to examine the variation of occurrence of oral cancer in different anatomical sub-sites of oral cavity along with the frequently affected age groups and gender as per the location of cancer in the mouth.

This variation of age group and gender involvement in different sites of oral cavity contains valuable clues regarding the causes and biological mechanism of development of the disease.

Our study comprised 1020 patients, out of which 602 (59.01%) were males and 418 (40.98%) were females. The sex differences in oral cancer may largely reflect different cultural behaviour and lifestyle factors among the population. Worldwide, the incidence of head and neck cancer is higher for males than for females \[[@cit0006]--[@cit0010]\]. This may be because of the greater indulgence of men in the risk factors.

About 75% of oral cancer is attributable to tobacco use and alcohol consumption \[[@cit0011], [@cit0012]\]. Regardless of the different modalities of tobacco consumption (cigarettes, cigars, pipes, chewing tobacco, or snuff), its use is more strongly associated with oral cancer than alcohol alone. High levels of carcinogenic tobacco-specific nitrosamines, e.g. nitroso-nor-nicotine (NNN) and 4-methyl-nitrosamino-1-(3 pyridyl)-1-butanone (NNK) were reported in the saliva of oral snuff users in the Sudan \[[@cit0013]\] and tobacco chewers in India \[[@cit0014]\]. Chewing of the areca nut (betel quid) releases large amounts of reactive oxygen species, especially while the quid is present in the oral cavity. Both tobacco specific nitrosamines and reactive oxygen species are major genotoxic agents involved in oral cancer associated with the use of chewing tobacco \[[@cit0015]\].

People who use both alcohol and tobacco are atespecially high risk of developing oral cancer due to synergistic effects \[[@cit0016]\] because the dehydrating effect of alcohol on cell membranes enhances the ability of tobacco-associated carcinogens to permeate the mouth tissues; in addition, nutritional deficiencies associated with heavy drinking can lower the body's natural ability to use antioxidants to prevent the formation of cancer \[[@cit0017]\]. In our study, the most common risk factor observed was different forms of tobacco (smokeless/chewing tobacco as well as cigarette smoking) and alcohol drinking.

The occurrence of oral cancer increases with age in all parts of the world. It is usually a disease that occurs after the fifth decade of life \[[@cit0018]--[@cit0022]\]. The mean age at presentation is in the fifth and early sixth decades in the Asian population. This is in accordance with our study, in which the peak prevalence of OSCC (39.50%) was observed in the age group of above 50 years. This is because the relative risk of cancer increases in relation to age \[[@cit0023]\]. According to Phillips et al. in 1987, it was widely believed that a 25-year latency exists between the initial exposure to a carcinogen and the development of a clinically recognisable cancer \[[@cit0024]\]. The WHO in 1987 stated that OSCC is rare in patients aged 40 years and younger \[[@cit0025]\]; however, an alarming increase in the incidence of oral cancers among the younger generation has been reported from many parts of the world \[[@cit0026]--[@cit0029]\], a trend that appears to be continuing. A high incidence of OSCC was reported between the age groups of 30--50 years according to our data. This was because of indulgence in customary habits at a very young age. A study performed in Southern England concluded that a substantial proportion of cases of oral cancer in younger people occurred in the absence of, or relatively short duration of, exposure to traditional risk factors \[[@cit0030]--[@cit0032]\]. This suggests that factors other than tobacco and alcohol are implicated in the development of oral cancer in a significant minority of cases. Hereditary predisposition in younger patients, family history, and HPV infection also contribute to the rise in OSCC \[[@cit0028], [@cit0033], [@cit0034]\].

In India, the gingivo-buccal complex (alveolar ridge, gingival-buccal sulcus, buccal mucosa) forms the most common sub-site for cancer of the oral cavity \[[@cit0035]\], in contrast to the tongue and floor of the mouth that is more common in the western world \[[@cit0036], [@cit0037]\]. This difference can be correlated with tobacco consumption habits. In India smokeless tobacco exposure is common as compared to the smoked version in the West. Traditionally, the *paan* is placed in the gingival-buccal sulcus and often retained for a prolonged duration, which is responsible for the high prevalence of gingivo-buccal cancer \[[@cit0038]\]. In our study, 31.47% of the population were seen with the involvement of buccal mucosa, the most common anatomical site recorded according to our data. This is in accordance with the study of Mehrotra *et al.* \[[@cit0039], [@cit0040]\]. In total 321 patients had buccal mucosa cancer: 191 (59.5%) males and 130 (40.4%) females. The predominant age group for this site involvement in our study was above 50 years (34.6%). We observed a total of nine (0.88%) patients who reported with the spread of cancer leading to involvement of skin along with buccal mucosa. Similarly, buccal vestibule is a common site to be affected by carcinoma. According to our data, 8.82% of oral cancer patients were diagnosed as isolated buccal vestibule carcinoma, with 60% being males and 40% females. Patients above 50 years of age were the ones that were most commonly affected. The rampant use of chewable tobacco can be linked to the relatively high incidence of involvement of buccal tissues. Mucosal lesions located in the cheeks are more common in South Central Asia, possibly related to tobacco chewing habits \[[@cit0041]\]. A study showed that Asians are more likely to develop malignancies in the buccal mucosa \[[@cit0001]\], a reflection of continuing areca and tobacco chewing habits. The higher rate of buccal carcinoma in Pakistan is likely related to the widespread practice of betel nut chewing and snuff-dipping and very rare alcohol intake \[[@cit0042]\]. 21.5% of the population in our study were seen to be affected by carcinoma of the mandibular alveolus, which is the second most common site involved. Out of a total of 220 patients, 138 (62.8%) were males and 82 (37.2%) were females. The peak incidence of 45% was observed in the age group of above 50 years. The posterior mandible was the predominant site. This was in accordance with the study of Yoshikazu *et al*. (1994) \[[@cit0043]\] in which 39 cases of primary intra-osseous carcinoma were reviewed. The mean age of patients was 51.0 years, and the M : F ratio was 2 : 3. Lesions occurring in this region sometimes extend through the alveolar crest and lingual cortex, and spread through the inferior alveolar canal \[[@cit0044], [@cit0045]\] to involve the retromolar trigone, which is an ill-defined triangular area in the oral cavity posterior to the upper and lower third molar teeth with maxillary tuberosity at its apex. It is a relatively uncommon site for oral cancer \[[@cit0046]\]. We encountered 2.74% of patients with carcinoma of the retromolar trigone.

In our study, the third most commonly involved anatomical site observed was the lateral border of the tongue (19.21%). Men were more commonly affected (79%) than females (20.9%). The peak incidence was observed in the age group of 31--40 years (33.2%). In western countries, the oral tongue is the most common sub-site for OSCC in every race/ethnicity. It is more frequent among Filipino and Chinese women than men \[[@cit0041]\]. In a study of 108,780 cases of OSCC, the most common anatomical site (*n* = 44,072; 41%) was the tongue \[[@cit0047]\]. In India, besides betel-quid chewing, trends of alcohol consumption show an increasing intake in recent decades, a sign of the westernisation of cultural habits that influence OSCC incidence. Smoking and drinking are both inversely related to socio-economic status \[[@cit0048], [@cit0049]\]. Financially deprived people have difficulties having a diet rich in fresh vegetables and fruit, reported as a protective factor \[[@cit0050]\]. Because of lack of knowledge and information, people of low socio-economic status are less aware of the outcomes of their customary habits, and problems in accessing healthcare facilities are related to poor oral health, which increases the oral cavity cancer risk \[[@cit0051]\]. This explains the high incidence of tongue cancer in the low socioeconomic population group of our study.

Squamous cell carcinoma of hard palate and maxillary alveolar ridge could be considered as a single site because the two areas are adjacent anatomically and share similar clinical presentation and management; however, in our study we have considered both palate and maxillary alveolus as separate entities for site specificity. Squamous cell carcinoma of the maxillary alveolus and hard palate is relatively uncommon in western society \[[@cit0052], [@cit0053]\]. Petruzzelli and Mayers (1994) noted that neoplasia of the upper jaw constitutes only 2% of all head and neck malignancies and 10% of oral cancers \[[@cit0054]\]. The lesion appears to be more common in India, accounting for 40--55% of oropharyngeal cancers \[[@cit0055]\]. 5.29% of oral cancer patients in our study were diagnosed as cases of isolated palatal cancer, with the highest observed incidence in the age group of above 50 years (55.5%). Out of a total of 54 patients, 33 (61.1%) were males and 21 (38.8%) were females. In cases of carcinoma of maxillary alveolus, 4.41% of patients were recorded to be affected, and the majority of patients (66.6%) belonged to the age group of above 50 years. As in palatal carcinomas, cancer of the maxillary alveolus was seen to predominantly affect males (40%) rather than females (60%). Smoking is considered to be the most common risk factor for palatal carcinomas. The male predominance of palatal cancer in our study is explained by the greater indulgence by men. This is in accordance with study of Lihua et al. in 2008, in which the Chinese reported the highest M : F ratio of 3 : 1 \[[@cit0041]\]. However, in the Philippines reverse smoking is a common practice among women. Palatal OSCC cases were found in 17 Filipino females and just in one male in a study conducted in California \[[@cit0056], [@cit0057]\]. As compared with conventional smoking, reverse smoking involves putting the lit end of a cigarette inside the mouth.

According to our data, 2.35% cases were reported as carcinoma of the lower lip. Out of a total of 24 cases, 18 (75%) were male and six (25%) were female. No case of upper lip carcinoma was reported. The peak incidence of lower lip cancer in our study was seen in the age group of above 50 years. This was in accordance with a retrospective study of 184 patients with squamous cell carcinoma of the lower lip, in which 166 (90.2%) men and 18 (9.8%) women, with a mean age of 66 years, was reported \[[@cit0058]\]. The male predominance could be explained by the fact that their indulgence in outdoor activities is greater in comparison to females. A risk factor associated with carcinoma of the lower lip, apart from tobacco chewing and smoking, is prolonged exposure to UV rays. Usually the lower lip is involved as it receives more direct sunlight \[[@cit0059]\]. In countries closer to the equator with regular long hours of sunshine, such as rural Greece, lip cancer accounts for 60% of oral cancer \[[@cit0060]\]. In our study, the majority of the population we encountered were rural people, mostly farmers, who work under direct sunlight throughout the day and thus are the ones most exposed to UV rays.

Oral cancer is a viscous disease that severely affects basic human living functions. It is estimated that around 43% of cancer deaths are due to tobacco use, alcohol consumption, unhealthy diets, inactive lifestyle, and infection \[[@cit0061]\]. Of these, tobacco use is the world's most un-avoidable cause of cancer. It is a largely preventable disease through lifestyle choices that reduce one's risk for the disease. Relatively high usage of tobacco in rural areas has led to an increase in incidence, which, in combination with delayed presentation because of the unawareness of the initial presentation of cancerous lesions, irregular follow-ups, limited access to cancer care, lack of trained health care providers, and low financial status, has made oral cancer a challenging health problem in rural areas of India. Regular free screening camps should be organised to detect dysplastic lesions at an early age, and health care providers and diagnostic centres should be made available at short distances where regular health check-ups along with the counselling of poor uneducated people can be done and patients suffering from cancer can be referred to multidisciplinary hospitals where proper and definite care can be given.

The authors declare no conflict of interest.
